BACKGROUND: Patients' views of their risk for the development or progression of chronic kidney disease (CKD) are poorly characterized.
INTRODUCTION
Chronic kidney disease (CKD) is a growing epidemic, with over 20 million persons having some kidney damage. 1 The presence of estimated glomerular filtration rate (GFR) less than 60 ml/min/1.73 m 2 is associated with increased risk of progression toward end stage renal disease, hospitalization, cardiovascular disease events, heart failure, and death. 2, 3 Hypertension and diabetes are the most common risk factors for CKD, with even mild forms of these conditions conferring several-fold increased risks of CKD incidence or progression. 4, 5 Heightened awareness of the growing health burden of CKD has led to the launch of national educational campaigns intended to enhance patient and physician awareness of CKD as an important medical condition, including the National Institute of Health's Kidney Disease Education Program. 6 These campaigns emphasize targeting 'high-risk' patients (with hypertension, diabetes or a family history of kidney disease) and primary care physicians (who care for a majority of patients at greatest risk for CKD development or progression). 7 Awareness raising campaigns ultimately hope to facilitate patients' adherence to behaviors (including medication adherence, diet, and exercise) that will help them control traditional CKD risk factors and decrease their risks for CKD development or progression. 6, 8 Patients' perceptions of their risks for CKD development or progression relative to their risks of developing other chronic illnesses are poorly characterized, however, and factors affecting patients' perceived risk of CKD development or progression have not been well studied. 9 In addition, little evidence exists to link patients' perceptions of CKD risk with adherence behaviors. Characterizing patients' perceptions regarding their susceptibility to CKD and predictors of inaccurate perceptions could aid efforts to thwart CKD development or progression in primary care settings. We studied patients' attitudes regarding their susceptibility to CKD, predictors of attitudes, and the association between attitudes and adherence behaviors among individuals at high-risk for CKD cared for by primary care physicians in Maryland. 10 
METHODS

Study Design and Participants
The Patient-Physician Partnership to Improve High Blood Pressure Adherence (Triple P) study was a randomized controlled trial performed in 15 primary care practices seeing a diverse population of patients with hypertension in Maryland. The study utilized a two-by-two factorial design to test the effectiveness of a physician communication skills training intervention and a patient-centered activation and education intervention to enhance patient high-blood pressure treatment adherence among 40 physicians and 279 of their patients. To be eligible, patient participants had to be 18 years or older, have a diagnosis of hypertension (based on ICD-9 codes in the preceding year), and report that they had been told by their doctor that they were hypertensive. Physicians For this analysis, we sought to assess patient participants' (from here on referred to as 'participants') perceived susceptibility to CKD relative to other chronic illnesses and to identify predictors of low perceived susceptibility (including demographics, health literacy, and health behaviors). We also assessed the relation between perceived susceptibility to CKD and self-reported adherence to high blood pressure therapy. Because measurements of perceived susceptibility to CKD were obtained at 12 months follow-up, we limited our analysis to 195 participants with assessments of perceived susceptibility to CKD available at this follow-up visit.
Data Collection
Participant demographics, self-reported medical history, and health literacy were assessed via interview at enrollment. All other assessments were obtained during the 12-month followup visit, including participant perceived susceptibility to CKD and other illnesses, hypertension therapy adherence, a brief physical examination (including assessment of blood pressure, height and weight), and laboratory studies (including serum creatinine and urine quantitative microalbumin).
Assessment of Demographics, Health History, Health Literacy and Adherence
Participants' demographics (age, gender, race, education, and annual household income), self-reported medical history (history of diabetes and current smoking status) and health literacy (assessed using the Rapid Estimate of Adult Literacy in Medicine, a validated instrument questionnaire designed to be used in public health and primary care settings to identify patients with low reading levels 12 ) were assessed at baseline. We administered the validated 15-item Hill-Bone Compliance to High Blood Pressure Therapy Scale 13 at 12 months followup to assess participants' adherence to recommended reduced sodium intake, appointment keeping and medication taking for high blood pressure therapy. Scale scores range from 14-56 points, with higher scores indicating poorer adherence.
Clinical and Laboratory Assessments
Blood pressures were assessed based on the average of three blood pressure measurements using an automatic oscillometric upper arm blood pressure monitor (Omron HEM907) in participant physician practices (at baseline) or our research facility (at follow-up had proteinuria (urine albumin-to-creatinine ratio greater than 30 mg albumin/gm creatinine).
Assessment of Perceived Susceptibility to CKD and Other Chronic Illnesses
We assessed participants' perceived susceptibility to CKD and other chronic illnesses via in-person or telephone questionnaire by assessing both their perceived likelihood and their concern regarding the development of "kidney problems or kidney failure," "heart attack or heart failure," "eye or vision problems," "stroke," and "cancer" in the next 10 years. To assess participants' perceived likelihood of developing conditions, we asked participants, "How likely do you think it is that you could develop [CKD or other condition] in the next 10 years?" Answers could be "not likely", "slightly likely", "moderately likely" or "very likely." To assess participants' level of concern regarding developing conditions, we asked participants, "How concerned are you about developing [CKD or other condition] in the next 10 years?" Answers could be "not concerned", "slightly concerned", "moderately concerned" or "very concerned."
Data Analysis
We performed descriptive analysis to report participants' perceptions of their likelihood and concern regarding CKD development or progression or other conditions in the next 10 years. We used the Wilcoxon signed-ranks test for paired data to compare participants' responses between conditions, and we applied the Bonferroni correction for multiple pair wise comparisons, considering differences in distributions of responses between conditions to be statistically significant at p<0.0125. We used the Friedman Analysis of Variance test for paired data to assess differences in the distribution of responses across all conditions. We performed similar analyses among participants with clinical evidence of CKD. We performed multivariable logistic regression to assess the independent relation of each participant characteristic (demographic characteristics, clinical and laboratory assessments, and health literacy) with participant low perceived susceptibility to CKD (defined as answers of "not likely" to experience CKD development or progression (versus "slightly likely" or more) and "not concerned" (versus "slightly concerned" or more) about CKD development or progression) while adjusting for all other characteristics simultaneously on participants with complete data for all variables. Because preliminary analyses uncovered a qualitative interaction in attitudes according to race and diabetes status, we reported findings for race and diabetes status in a stratified manner. We converted adjusted odds ratios to absolute probabilities and their corresponding 95% confidence intervals. 16 We used multivariable linear regression models to assess differences in the Hill-Bone Compliance to High Blood Pressure Therapy Scale according to level of perceived likelihood or concern regarding developing CKD in the next 10 years while adjusting for participant demographics. Multivariable analyses controlled for the intervention status of all patient participants and their physicians in the parent study as well as for clustering of patient participants among physicians (using the Huber/White/sandwich estimate of variance). [17] [18] [19] [20] We assessed the effect of missing data (for blood pressure, kidney function, or BMI at 12 months) on multivariable analyses in two sensitivity analyses (one analysis replacing missing data at 12 months with participants' baseline values for blood pressure, kidney function and BMI and one analysis employing multiple imputation of missing data for these variables).
RESULTS
Participant Enrollment, Characteristics and Perceived Susceptibility to CKD and other Chronic Illnesses
Among 279 participants enrolled at baseline, 195 attended the 12-month follow-up visit and answered both questions regarding perceived susceptibility to CKD. Completion of questions regarding adherence to high blood pressure therapy as well as various aspects of the 12-month physical examination varied; 173 participants completed questions regarding adherence, while 150 participants had blood pressure measurements, 133 had blood and urine collected, and 175 had assessment of height and weight at the 12-month visit. Participants had diverse demographic characteristics with a high proportion of participants who were age 60 years or older, female, and African American or Black. Among 133 participants who provided blood and urine specimens, 28% had clinical evidence of CKD. Few (20%) participants considered themselves "very likely" to develop CKD and one-third (33%) (although a statistically significantly greater proportion) were "very concerned" about CKD (p<0.001) ( Table 1) . Participants were less likely to consider themselves "very likely" to develop CKD compared to all other conditions with the exception of cancer (20% for kidney problems or failure versus 22% for cancer, 28% stroke, 31% heart attack or heart failure, 37% eye or vision problems, p<0.001 for all pair-wise comparisons except for cancer; p for overall trend <0.001) or "very concerned" about developing CKD in the future (33% for kidney problems or failure versus 40% for cancer, 41% eye or vision problems, 44% heart attack or heart failure, 45% stroke, p< 0.001 for all pair-wise comparisons except for cancer; p for overall trend <0.001). Among 54 participants with clinical evidence of CKD, 32 (59%) had microalbuminuria only with normal GFR, and 22 (41%) had GFR<60 ml/ min/1.73 m 2 . In pair-wise comparisons, participants' with CKD perceived likelihood of CKD development or progression was not statistically significantly different from their perceived likelihood of other illnesses with the exception of heart attack or failure, but there was a trend of lower perceived likelihood of CKD versus other conditions (28% considered themselves "very likely" to develop kidney failure or problems versus 26% for cancer, 32% for stroke, 39% for heart attack or failure, 43% for eye or vision problems, p>0.0125 for all pair-wise comparisons except for heart attack or failure, p< 0.001 for overall trend). Similarly, participants' with CKD perceived concern regarding CKD development or progression was not statistically significantly different from their concern regarding other conditions, but there was a trend of lower concern regarding CKD versus other conditions (44% considered themselves "very concerned" about developing CKD versus 37% for cancer, 43% for eye or vision problems, 48% for heart attack or failure, 53% for stroke, p>0.0125 for all pair-wise comparisons, p<0.001 for overall trend). Perceived likelihood of CKD was greater among persons having microalbuminuria only with normal GFR compared to perceptions among persons with abnormal GFR (41% versus 14% considering themselves "very likely" to develop CKD, p=0.03), but concern about CKD did not statistically significantly vary according to the level of participants' estimated GFR.
Participant Characteristics Associated with Low Perceived Susceptibility to CKD
In multivariable analyses performed on 108 participants with complete data on all variables, race and diabetes status and low health literacy were independently associated with low perceived likelihood of CKD development or progression. In similar multivariable analyses, female gender and low health literacy were independent predictors of low concern regarding CKD development or progression (Table 2) . Sensitivity analyses incorporating imputed values for participants' missing data revealed similar findings as findings using complete data.
Relation of Perceived Susceptibility to High Blood Pressure Therapy Adherence
In multivariable models, participants with greater perceived likelihood of CKD development or progression had statistically significantly poorer adherence scores when compared to persons with less perceived susceptibility. There was no statistically significant difference in adherence scores when comparing persons considering themselves "very likely" and persons considering themselves "not likely." We observed similar, but not statistically significant, findings when assessing the relation between perceived concern regarding CKD development or progression and adherence (Table 3) . 
DISCUSSION
In this study of hypertensive patients seen in primary care practices, few patients considered themselves "very likely" to develop kidney damage or failure in the next 10 years and few were "very concerned" about developing kidney damage or failure. Participants' perceived susceptibility to CKD development or progression was low compared to their perceived susceptibility to other chronic illnesses. Participant gender, race and diabetes presence, and health literacy were independent predictors of low perceived susceptibility to CKD. Participants considering themselves "very likely" to develop kidney damage or failure in the next 10 years had statistically significantly poorer high blood pressure therapy adherence scores when compared to their counterparts considering themselves "slightly" or "moderately" likely to develop kidney damage or failure. Low perceived risk and concern regarding CKD development or progression among most hypertensive study participants (many of whom also had diabetes or clinical evidence of CKD) may reflect lack of knowledge of the potential health impact of CKD on the part of both patients and their primary care physicians. While we are aware of no studies identifying rates or predictors of perceived susceptibility to CKD among highrisk populations under medical care, previous national studies have demonstrated awareness of CKD among the general public is low and that many persons, particularly ethnic minorities, do not view CKD as an important health problem. 21, 22 Results from the National Kidney Foundations'
Kidney Early Evaluation Program, a national communitybased initiative to identify persons at high-risk for the progression of CKD, also reveal awareness of CKD is extremely low among high-risk individuals in the general public. 23 Recent studies demonstrate primary care physicians' recognition of CKD and common CKD risk factors are suboptimal. 24, 25 Since primary care physicians play an important role in communicating health risks to patients, [26] [27] [28] it is possible their lack of awareness and knowledge regarding CKD may contribute to patients' inaccurate perceptions. Our findings support calls within the medical community for enhanced efforts to improve awareness of CKD among high-risk patients and their primary care physicians. 29 Improved awareness of CKD might be achieved by pairing education about CKD with education about common CKD risk factors (i.e. hypertension and diabetes) also cared for in primary care. 30 Complex interactions between demographic and clinical factors (e.g.
persons from different ethnic/racial backgrounds with or without diabetes) with perceptions of CKD highlight the need for further research to ascertain mechanisms through which high-risk persons from different backgrounds may perceive their risks of CKD differently. Our findings linking perceived susceptibility to high blood pressure therapy adherence should be interpreted with caution, as the parent study was not designed to study the relation between risk perceptions and adherence. It is notable, however, that persons stating they were either "not at all likely" or "very likely" to develop CKD had poorest adherence scores. While those who perceived themselves "not at all likely" to develop CKD may have been less likely to adhere to prescribed therapies due to a lack of perceived need, persons who perceived themselves as "very likely" to develop CKD may have had fatalistic attitudes about the benefit of adherence on adverse outcomes. Studies in other areas have demonstrated fatalistic attitudes regarding the inevitability of disease may contribute to poor adherence rates [31] [32] [33] [34] and that persons who perceive their ability to control their health are better able to adhere to medical regimens for chronic illnesses. [35] [36] [37] Greater perceptions of risk might also be associated with other attitudes we did not measure (e.g. perceptions of treatment effectiveness or harm, self-efficacy, readiness to change behavior) which may influence adherence. [38] [39] [40] Limitations of this study deserve mention. First, we ascertained associations between participant characteristics and attitudes as well as attitudes and adherence behaviors in a cross-sectional manner, limiting our ability to draw causal inferences. Second, since the incidence of CKD is lower than the incidence of cardiovascular disease and stroke, participants' belief that CKD is the lesser threat is often accurate. 4, [41] [42] [43] [44] For example, the 25% of participants who were 60 years old or older and had no evidence of CKD at baseline may have little risk of developing clinically important CKD. Third, the parent study was designed to identify the effectiveness of patient and provider interventions on blood pressure adherence. While we controlled for treatment group assignment, it is possible our findings could be confounded by effectiveness of the interventions. Similarly, the parent study was not designed to study population subgroups, and our results regarding subgroups should be interpreted with caution. Fourth, we did not ascertain participants' primary care physicians' understanding and perceptions of CKD or whether participants had previously seen nephrologists. Patients' perceptions of their susceptibility to CKD may be influenced by their exposure to specialists as well as by the extent and quality of their discussions with physicians about kidney disease risk. Finally, the sample size was small, potentially limiting the generalizability and precision of some findings. Notwithstanding these limitations, our findings provide valuable insight regarding perceptions of CKD among high-risk patients seen in primary care and the potential association of perceptions with adherence behaviors. In summary, many patients at high-risk for the development or progression of CKD had low perceived susceptibility to CKD, and perceptions regarding susceptibility to CKD were lower than perceptions regarding susceptibility to other chronic illnesses. Greater perceived susceptibility to CKD was inversely associated with adherence to high blood pressure therapy. Efforts to improve awareness of CKD among patients and their primary care providers could enhance adherence to therapies 
